In this study, morphological characteristics of peripheral blood cell, and certain hematological and serum biochemistry values were determined in 16 clinical healthy adult common kestrels in order to establish normal reference values for this population. Seven different types of blood cells were determined, such as erythrocytes, thrombocytes, big lymphocytes, monocytes, heterophils, basophils, small lymphocytes. According to the results, hematology of red blood cell counts, white blood cell counts, hemoglobin, packed cell volume, mean corpuscular hemoglobin (MCH), mean cell volume (MCV), mean corpuscular hemoglobin concentration (MCHC) were 2.47±0.55×10
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Campbell (1995) introduced that evaluation of avian hematologram has become a useful tool for the diagnosis of avian diseases. As the same to, hematologic and blood biochemistry analyses are valuable tools for evaluating health of wildlife, both diagnosing disease and clinical monitoring of the patient (Karesh et al., 1997 . Lanzarot et al., 2001 . Lanzarot et al., 2005 . Toro et al., 1997 . Villouta et al., 1997 . Wyk et al., 1998 . However, Lanzarot et al. (2005) presumed that proper interpretation of these parameters requires appropriate reference values for each species to minimize the effect of species differences. Morphologic characteristics of avian blood cells are heterogeneous.
Common Kestrels (Falco tinnunculus) belong to the genus Falco, family Falconidae which include 13 species in the China (Zhen, 2005) . They have grey with black tip and yellow cere bill (Li, 2004) . They are normally distributed in Heilongjiang, Beijing, N Neimenggu, N Xinjiang (Zhen, 2005) . A previous study reported morphological observation of digestive system of Common Kestrels (Niu et al, 2004) .
At present, Common Kestrel is an endangered species. However, basic hematological values, morphological characteristics of peripheral blood cell and serum biochemistry values have not been described in these species. The purpose of this study is to obtain the hematology and serum biochemistry values in Common Kestrels. Knowledge of the morphological characteristics, hematological and serum biochemistry values may be applied in physiological study, health diagnosis or in-depth study directed toward their conservation.
Materials and methods

Experimental animal
Sixteen adult Common Kestrels (Falco tinnunculus), clinically healthy and in good condition, were kept at the Beijing wildlife rescue and rehabilitation Center. The Common Kestrels were divided into six groups of 4 animal, each group was kept in middle house (500mm×200mm×600mm).
Blood sampling
Common Kestrels were restrained manually without applying sedation. All birds were examined and sampled in the nest between eight o'clock to ten o'clock AM. Each bird was handled for approximately 10 min for physical examination as described by Samour (2000) , and the blood sample was obtained at the beginning of the handling period. Blood samples for the biochemical examination and the hematological profile examination were collected from the wing vein. A total 1.5 ml of blood was collected from each of experimental animals.
Blood cell morphology
Blood samples for morphological characteristics of peripheral blood cell were obtained without any anticoagulant. Blood smears were immediately and air-dried. The method of Wright's stain (Bounous et al., 2000 . Driver, 1981 . Kuiken et al., 1999 for the basal blood cells type's characterization was used. The leukocyte differential counts were assessed by enumeration of 200-cell in each smear. Each cell type was measured and characterized.
Hematology
The blood from each Common Kestrel was mixed immediately in tubes with the anticoagulant natrium ethylenediaminetetraacetic acid (1.5 mg/dl). After collection, whole blood was used for the complete blood count. White blood cell counts (WBC) and red blood cell counts (RBC) were applied by an improved Neubauer hemocytometer (Brand, Wertheim, Germany) and Natt and Herrick's solution in blood cell dilution pipettes (Campbell, 1995) . Packed cell volume (PCV) was tested by centrifugation at 3,000×G for 30 min (He et al., 2003) . Hemoglobin (Hb) content was studied by cyanide-free hemoglobin determination (Campbell, 1995) . Mean cell volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) were calculated using the following formula (Campbell, 1995) : MCV= (PCV/RBC) ×10; MCH= (Hb/ RBC) ×10; MCHC= (Hb/PVC) ×100.
Serum biochemistry
The blood from each Common Kestrels was transferred to tubes without anticoagulant, and serum were collected by centrifugation (3,000×G for 30 min) for biochemistry and protein electrophoresis analyses. The samples were maintained at 4-6 0 C and in the dark. Blood samples were processed in the laboratory within 12 hr, and hematological analysis was investigated on the day of collection by the same person. Protein electrophoresis was performed by a spectrophotometer. Total protein (TP) was determined with the Biuret method (Lumeij et al, 1996) .
Statistical analyses
Statistical analyses of hematologic and serum biochemical values were applied arithmetic mean, standard deviation (SD) and range.
Results
Blood cell morphology
Matured erythrocytes of Common Kestrels were ellipsoidal cells (13.2±0.68µm×7.30±0.79µm, Figure 1 ) with rounded poles and uniform orange-pink cytoplasm. They were centrally positioned oval nucleus (7.27±0.59µm×3.37±0.57µm) that contained dense and dark-staining chromatin. Its long diameter was parallel with long diameter of the cell. Heterophils (Figure 2) , 11.35±0.77µm×10.52±0.64µm, was a single round or irregular cell with spindle or oval shaped cytoplasmic granules .They were shorter and wider than matured erythrocytes. The nucleus had 2 -3 lobules with contained dense and dark-staining chromatin. Wright solution only stained these granules slightly.
Basophiles (Figure 3 ), 8.7±0.71µm×8.1±0.60µm, was slightly smaller than the heterophils and matured erythrocytes, their cytoplasm contained strong basophilic granules. These cells were often easily identified on Wright stained in the blood smears by the appearance of numerous, deeply basophilic, round cytoplasmic granules.
No eosinophils were identified in blood smears.
Lymphocytes had compact dark nucleus and thin cytoplasm fringe of blue color. They had two modes, which one was small lymphocyte (8.35±0.72µm×7.77±0. 73µm, Figures 4) , other was big lymphocyte (10.38±0.83µm×9.38±0.88µm, Figures 5) .
Monocytes, 12.01±0.52µm×11.03±0.82µm in diameter, were the largest leukocytes found in the blood film (Figure 6 ), these cells with large quadratic nuclei with pale and fine chromatin.
Thrombocytes were small oval or round cells, the nucleus was the cytoplasm colorless. Nuclei were oval with dense chromatin. When thrombocytes aggregated, they turned into round cells. The morphologic features of blood cells from Common Kestrels were similar to those of other species of avian.
Hematology and serum biochemistry
Results of hematology and serum biochemistry analyses are summarized in 
Discussions
The first record of hematological, morphological characteristics of peripheral blood cell and serum biochemistry values of Common Kestrels are presented in this article. Sixteen adult clinically healthy Common Kestrels were studied. All birds appeared to be in good condition, and no abnormalities were noted during physical examination or in hematological analyses throughout the observation period (30 days). All indexes did not have a normal distribution. No eosinophil was identified in blood smears. Blood cell characteristics were the same to Chrysolophus pictus (Chen et al., 2007) . The morphology of erythrocyte and white blood cells of Common Kestrels are showed in Figures 1 -6 . Their reference intervals can be used as baseline information for further studies. It is important to use healthy animals in the establishment of reference values. However, it can be difficult to determine the health of individuals when studying field-caught wild species (Weber et al., 2002) .
All blood smears in the present study were prepared immediately after venipuncture from animals, to prevent any possible effect of anticoagulant on cell morphology. Blood exposed to heparin for several hours will usually not stain as slides made immediately after collection (Walberg, 2001) . Hemolytic destruction of chelonian cells by EDTA was described (Mc Arthur, 1996; Muro et al, 1998) . EDTA is wildly used in avian practice; however, it is reported to cause hemolysis of blood in some avian species (Walberg, 2001 ).
Hematological and blood biochemistry values are widely used in avian veterinary medicine, for example, in the interpretation of laboratory results during disease. Besides, hematological and serum biochemistry values are also very important in detecting various metabolic and nutritional disorders in avian species, but it is important to have hematological data on each species in order to interpret the results accurately for a particular individual (Aengwanich et al., 2002) . Hematological values are important for clinical pathological diagnosis such as traumatic injury, parasitism, organic disease, bacterial septicemia and nutritional deficiencies. Besides, anemia was defined as the presence of a below-normal red cell count, hemoglobin concentration, and/or packed cell volume, and increased mean corpuscular volume.
Total and differential leukocyte counts vary widely in avian species, probably reflecting interspecies variability and different capture, restraint, and blood collection methodologies (Padilla et al., 2003) . Total white blood cell count greater than 10,000 cell/µl was considered suggestive of leukocytosis. General causes of a leukocytosis may include infection, trauma, toxicities, hemorrhage into a body cavity, rapidly growing neoplasms and leukemia (Aengwanich et al., 2002) . The mean WBC for these Common Kestrels is lower than values reported in nestling bald eagles (Bowerman et al ,2000) , supposedly because of different analytic methods and interspecies variability.
The leukocyte differential aids in the assessment of the leukocytosis. Because a leukocytosis is often caused by inflammation, a heterophilia usually present. The magnitude of the heterophilia usually indicates the magnitude or severity of the initiating inflammatory process. Heterophils were the most numerous leukocytes in the blood of these Common Kestrels, the same as has been reported in nestling bald eagles (Bowerman et al, 2000) . A leukocytosis and heterophilia can be associated with infectious agents (e.g. bacteria, fungi, chlamydia and parasites). A slight to moderate leukocytosis, heterophilia and lymphopenia can result from either an exogenous or endogenous excess of glucocorticoids (stress response). A lymphocytosis may be expected with antigenic stimulation associated with certain infections. A lymphopenia also may be expected with certain viral disease. A monocytosis can be found with certain disease that produce chemotactic agent for monocytes. These conditions include avian chlamydiosis, mycotic and bacterial granuloma and massive tissue necrosis. An eosinophilia associated with gastrointestinal nematode infections has occasionally been reported. Avian basophils are similar to mammalian basophils in their ability to produce, store and release histamine. Basophils are appeared to participate in the initial phase of the acute inflammatory response in birds, but this is not always reflected as a basophilia in the leukogram.
In this experiment, no eosinophils were identified in the blood smears, probably because the granules within avian eosinophils are water soluble and may stain poorly with Wright's stain (Bounous et al., 2000; Driver, 1981; Kuiken et al., 1999) .
Mean corpuscular hemoglobin (MCH), PCV and Hb values were higher than the reference data reported by Bowerman et al (2000) , supposedly due to adaptation to flight, at which the time they need for oxygen is greatly increased.
In this experiment, the concentration of the serum total protein in Common Kestrels was higher than those described for plasma in nestling bald eagles (Bowerman et al, 2000) . According to Rosental (2000) , protein electrophoresis is used to determine the exact blood albumin concentration, to evaluate whether a disease process is acute or chronic, and to detect whether a patient has an infection.
In this study, uric acid was different to those reported in nestling bald eagles (Bowerman et al ,2000) , possibly because of different analytic methods.
Normal values for blood constituents vary widely for different species (Wyk et al., 1998) . Lanzarot et al (2005) indicated that to assess the physiologic and pathologic condition of wild birds it is of paramount importance to know normal blood values for individual species. The hematologic, blood biochemistry, and the characteristic of blood cell obtained in this study for Common Kestrels will possible be useful for the interpretation of laboratory findings in future studies and clinical cases.
In this paper, the biochemical and hematological profile reported may be used as a standard profile for healthy Common Kestrels kept in captivity. Nevertheless, some differences could be expected, especially when it comes to young Common Kestrels with rapid growth and/or to adult females during the reproductive season. 
